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PREFACE 


"Clock-hour"  precipitation  rate  distributions  may  be  converted  to  distributions 
of  precipitation  rates  measured  over  1-minute  and/or  4-mir.ute  intervals  (some- 
times referred  to  as  "instantaneous"  precipitation  rates)  using  the  models  presented 
ir.  this  report.  The  models,  their  development,  and  their  uses  are  described.  They 
have  been  developed  over  a period  of  years.  Particular  note  should  be  made  of  the 
contributions  to  this  technique  of  Lt  Col  Gorden  A.  Beals,  and  Maj  Patrick  J.  O'Reilly 
while  assigned  to  USAFETAC. 

It  is  apparent  that  distributions  of  precipitation  rates  over  short  time  periods 
will  be  different  from  rates  measured  over  longer  time  periods  because  of  the  aver- 
aging effect  in  the  latter  measurements.  For  practical  purposes  rates  measured  over 
i-minute  intervals  may  be  used  for  most  applications  requiring  short  period  distri- 
butions, although  even  these  (1-minute  rates)  are  composed  of  highly  variable 
shorter  term  rates. 
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STOCHASTIC  MODELS  FOR  DERIVING  INSTANTANEOUS  PRECIPITATION  RATE  DISTRIBUTIONS 


Introduction 

This  report  presents  model  distributions  of  instantaneous  precipitation  rates 
as  a function  of  clock-hour  precipitation  rates  for  13  locations  representing  various 
climatological  regions.  The  models  are  developed  using  a technique  suggested  by 
Briggs  and  Harker  [1]  and  refined  by  O'Reilly  [14].  The  data  used  to  develop  the 
models  have  been  extracted  from  the  work  of  Sims  and  Jones  of  the  Illinois  State 
Water  Survey  [15].  This  is  a continuation  of  the  earlier  work  of  Mueller  and  Sims 
[11]  [12]  [13].  The  actual  data  were  provided  to  USAFETAC  on  tape  from  AFCRL.  The 
tapes  also  contain  data  from  stations  in  Southeast  Asia.  This  report  is  not  intended 
to  outline  the  various  sampling  techniques  [4]  [15]  other  than  to  say  that  a recording 
rain  gauge  or  a "drop  camera"  was  used  and  the  precipitation  rates  could  be  read  to 
a precision  of  1 minute  or  4 minutes.  One-minute  statistical  models  (wet/dry  seasons 
and  annual)  are  compiled  for  Urbana,  Illinois;  Majuro  Atoll,  Marshall  Islands;  Miami, 
Florida;  Coweeta  Hydrologic  Laboratory  (near  Franklin,  North  Carolina);  Island  Reach 
State  Park,  New  Jersey;  Woody  Island  (near  Kodiak,  Alaska).  Four-minute  statistical 

r. ocels  (wet/dry  seasons  and  annual)  are  compiled  for  Freiburg,  Germany;  Koblenz, 
Germany;  Pleiku,  Vietnam;  Saigon,  Vietnam;  Da  Nang,  Vietnam;  Naha,  Okinawa;  and  Bet 
Lagan,  Israel. 

Background  and  Methodology 

Determining  the  spatial  distribution  of  precipitation  along  a horizontal  or 
vertical  path  continues  to  be  one  of  the  more  difficult  problems  in  present  due 
climatology.  Estimates  of  the  instantaneous  precipitation  rate  are  essential  for 
ca.culatmg  short-path  electromagnetic  attenuation,  rocket  nose-cone  erosion,  flasn 
flood  forecasting,  and  numerous  other  applications.  To  address  these  problems  in  an 
ideal  manner  an  instrument  system  would  be  required  that  continuously  measures  pre 
cipitation  amounts  along  horizontal  and  vertical  paths.  The  orientation  of  the 
.no  ‘.zontai  path  would  be  changed  to  filter  out  a bias  toward  rain  cells  moving  across 
the  sampling  path  from  a particular  direction.  The  experiments  would  bo  made  in 
various  climatological  regions  and  the  period  of  record  would  be  long  enough  to 
average  out  the  effects  of  wet  or  dry  years.  This  is  not  practicable. 

Fortunately,  the  Illinois  State  Water  Survey  has  made  some  of  these  measure- 
mc;..s  al  ng  horizontal  lines  of  varying  lengths  [4]  [IS],  Although  *he  vertical 
va:..,:  ns  of  prec  i pi  t a t ion  have  not  been  addressed  a-  satisfactorily  as  the  lion 

.c.ti,,  reuscnaolc  assumptions  can  be  made  to  estimate  the  precipitation  along  a 

s. .r,t  path,  if  the  horizontal  distribution  is  known.  Ideally,  we  would  like  to  knew 
the  ir.:  tantar.eous  precipitat  ion  rate  distribution  along  a path  at  a particular 
•r.stant.  V typical  weather  station  does  not  provide  this  information.  heather 
r.-.-rs  ffc-r  some  valuable  insight,  and  the  developing  digitized  radar  climatol  gy 

3,  seems  promising.  However,  this  information  is  needed  for  manv  climatic  regions, 
js  -he  basic  question  is  how  can  one  infer  m instantaneous  spatial  distribution 

t..e  standard  weather  records  of  nourly  precipitation  amounts.  To  accomplish 
th  ■> , cr.e  must  first  decide  how  to  take  the  hourly  precipitation  amounts  (i.e., 
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clock-hour  rates)  and  obtain  instantaneous  precipitation  rates.  After  this  has 
been  done  the  time  distribution  nay  be  translated  into  a spatial  distribution 
(Bussey  [2]).  The  question  of  translating  the  distribution  is  not  addressed  in  this 
technical  note.  We  will  simply  be  presenting  statistical  models  and  show  how  they 
may  be  used  to  translate  routine  data  (clock-hour  precipitation  rate  distributions) 
into  an  estimate  of  the  distributions  of  the  rate  of  instantaneous  precipitation. 

Part  of  the  work  of  the  Illinois  State  Water  Survey  has  been  to  measure  point 
precipitation  rates  over  a 1-minutc  period.  They  also  have  obtained  recording 
rain  gauge  records  and  tabulated  precipitation  rates  over  both  1-  and  4-minute 
periods.  One  may  obtain  a distribution  of  these  1-minute  rates  (or  4-minute 
rates)  as  a function  of  any  clock-hour  rate  interval.  These  "model"  distributions 
may  then  be  used  to  predict  the  instantaneous  rate  (actually  1-  or  4-minute  rate) 
for  any  region  having  a similar  precipitation  regimen  as  determined  from  the  avail- 
able clock-hour  data. 


development  and  Jse  of  the  Models 

The  technique  used  to  develop  the  models  is  straightforward . One  first  decides 
which  clock-hour  intervals  are  of  interest  [16]  see  Table  1.  Since  the  definition 
of  clock-hour  precipitation  rate  is  the  amount  of  precipitation  that  falls  within  a 
specific  .lour  time  frame,  the  rates  can  be  thought  of  as  the  amount  of  precipitation 
^for  the  hour)  as  well  as  tiie  average  hourly  rate.  In  the  Illinois  State  Water  Suriey 
experiments,  the  clock-hour  rates  are  determined  by  merely  adding  the  1-minute  (or 
4 -r  mute)  rates.  tTne  actual  weather  station  report  is  the  total  amount  of  pre- 
cipitation that  ..as  fallen  in  the  clock  hour.) 

After  the  interval  of  the  clock-hour  rates  is  defined,  one  then  decides  over 
which  intervals  the  1-minute  (or  4-minute)  rates  will  be  grouped.  (Note  in 
Table  1 t.iat  these  intervals  are  not  uniform.) 

The  summation  process  works  in  the  following  manner:  Within  each  discrete 

ciOwk-hour  time  frame  there  is  a string  of  60  precipitation  amounts  (assuming  1- 
minute  precipitation  measurements).  The  total  precipitation  amount  for  the  hour 
deter: ines  into  which  clock-hour  block  the  data  string  falls  and  then  the  60  data 
to...:s  are  distributed  throughout  the  one-minute  intervals  for  that  particular 
c 1 o c n aour.  The  process  is  then  repeated  until  all  the  data  are  exhausted. 

Hie  clock  hour  is  not  an  arbitrary  definition,  it  means  a specific  60-mmute 
per  d,  i.o.,  0800  to  0859.  Tiie  period  0830  to  0929  is  not  a clock  hour  even  though 
it  s u 6,1-m mute  period.  O'Reilly  [14]  checked  to  see  if  there  was  a significant 
-ii.erer.ee  between  the  60  minutes  beginning  on  the  hour,  and  those  inton  Is 
ce*.. in mg  15  minutes,  30  minutes,  and  45  minutes  after  the  hour.  O'Reilly  averaged 
t .c.'e  pseudo  clock  hours  with  tiie  actual  clock-hour  data  to  develop  his  models. 

Since  the  differences  between  the  actual  and  pseudo  clock  hours  arc  small  no  aver- 
age..g  process  is  employed  in  this  report.  Tiie  actual  clock  hour  is  tiie  only  6 '- 
r.in-te  tine  frame  used. 

,-i  the  models  iwet,  dry,  and  annual)  are  derived  in  t he  manner  outlined  above. 

•e  me-r.  monthly  precipitation  is  less  than  tiie  mean  annual  the  month  is  con- 
s .crew  dry.  Cther  mout.is  are  considered  wet.  Mather's  climatological  atlases 

, .i  .j  are  use*  to  determine  the  mean  precipitation  values  (see  Table  2). 
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One  of  the  more  confusing  points  about  this  process  is  t.'.e  convention  of  labeling 
the  estimate  of  an  instantaneous  rate  (either  1 or  4 minutes)  in  "in/nr".  This 
is  done  by  simply  multiplying  the  minute  rate  by  an  appropriate  factor  (60  for  1- 
minute  rates)  to  convert  to  an  "hourly  rate".  This,  of  course,  would  be  the  fre- 
quency of  occurrence  of  a specified  hourly  rate  if  the  minute  rate  persisted  for  the 
entire  hour.  Casual  observations  reveal  that  the  minute  rates  (especially  high  ones) 
seldom  persist  for  an  hour  and  this  explains  why  the  range  of  the  minute  rates  is 
chosen  as  zero  to  >_  10  in/hr  while  the  range  of  the  clock-hour  rate  data  is  only  a 
trace  to  >_  5.00  in/hr.  The  erratic  nature  of  some  of  the  clock-hour  distributions 
above  2 in/hr  can  be  attributed  to  the  small  sample  size  (see  Table  3). 

The  usefulness  of  these  model  distributions  of  instantaneous  rates  lies  in  the 
fact  that  many  stations  have  clock  hourly  precipitation  distributions.  Combining  the 
two  distributions  gives  an  estimate  of  the  annual,  dry,  and  wet  months  distribution 
of  instantaneous  precipitation  for  the  location  of  interest.  See  Tables  4-43  for  the 
derived  models. 

Lenhard  [5]  has  developed  a technique  (regression  analysis)  that  estimates  t lie 
tail  of  the  instantaneous  distribution  by  selected  months.  A more  direct  method  is 
to  multiply  the  observed  clock-hour  distribution  for  a location  by  the  1-minutc 
(or  4-minute)  model  frequency  distributions.  This  produces  an  estimate,  in  total 
number  of  hours,  of  the  instantaneous  distribution  for  each  clock-hour  rate  interval. 
Summing  each  row  will  give  the  total  time  each  clock-hour  rate  is  observed.  Summing 
a column  will  give  the  total  time  a particular  instantaneous  rate  is  expected. 

After  deriving  the  expected  total  instantaneous  distribution  (sum  of  the  columns), 
one  may  check  the  results  to  see  if  t he  model  used  is  reasonable.  This  may  be  done 
by  calculating  a secondary  distribution  of  selected  percentile  values  for  each  column. 
The  procedure  for  this  calculation  is  to  break  the  instantaneous  rate  interval  (each 
column)  into  the  selected  percentile  values  and  then  multiply  each  percentile  value 
by  z.ie  total  number  of  hours  for  the  instantaneous  rate  interval.  Facli  column  will 
then  have  a 10,  15,  20,  etc.,  percentile  value  representing  the  total  precipitation 
amount.  O'Reilly  [14]  found  that  the  mean  amount  of  precipitation  for  a station 
correlated  best  with  the  total  35th  percentile  value  (sum  of  the  35th  percentile 
values  for  each  column).  This  35th  percentile  check  is  one  criteria  that  may  be  used 
to  determine  if  the  expected  distribution  is  reasonable. 

At  present  all  approaches  to  the  problem  of  instantaneous  precipitation  rates 
are  data  bound.  As  samples  from  additional  locations  and  longer  periods  of  record 
become  available  these  rough  estimates  can  he  refine.... 


■Summary  and  Conclusions 

This  report  is  intended  to  expand  tiie  number  of  1-  and  4-minute  precipita- 
tion rate  models  that  can  be  used  to  estimate  instantaneous  precipitation  rates  in 
various  climatic  regions.  The  only  additional  input  needed  to  generate  the  estimates 
are  the  clock-hour  precipitation  rates.  It  is  hoped  that  additional  sampling  of  1- 
rainutc  precipitation  rates  will  be  made  in  the  near  future.  Some  of  tiic  estimates 
presenteu  herein  are  based  on  less  than  1 year  of  data  and  it  lias  beer,  pointed  out 
that  this  particular  time  frame  may  net  be  typical.  Additional  sampling  is  also 
required  to  develop  the  statistics  fur  monthly  models. 
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Table  1.  Example  Model  Distribution  of  Instantaneous  Precipitation  Kates. 

Percent  contribution  of  instantaneous  precipitation  rate  to  clock-hourly  precipita- 
tion rates. 

Instantaneous  rate  observed  over  1-  or  4-minute  period  for  (location). 

Total  number  of  months  in  POR  is  N. 

Total  number  of  missing  months  in  POR  is  M. 

Season  is  X - Y - Z (Dry). 

INSTANTANEOUS  RATES  ( IN/HR) 

CLOCK- 

HOUR 

RATES  0.00-  0. 04*  - 0.10-  0.25-  0.50-  1.00-  2.00-  5.00-  TOT  NO 

(IN/HR)  C.03  0.09  0.24  0.49  0.99  1.99  4.99  9.99  > 30.00  CLOCK-'iR 

•T  RACE 
0 . 01 

0. 02-0. 05 
O.xC-C.Pb 
0.25-0.49 

0 . --0-0 . 99 

1.  CO-0.99 

2.00- 2.99 

3.00- 3.99 
4-.T0-i-.99 

v 5.00 


h 


'lablo  2.  Wet/Dry  Months  Determination  from  Mather  [C  ] [7]  [8]  [9]  [10] . (-/♦  values  indicate  months  drier  or  wetter 

than  dry/wet  mean  values.) 

Annual  l)ry  Wet 

Location  Jan  I:eb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Mean (mm)  Mean  (mm)  Mean  (mm) 


July  1 fl  6 
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able  2.  Number  of  Months  cf 


mention 

Uros ne,  Illinois 
Majuro  Atoll,  Marshall  Islands 
Miami,  Florida 
Franklin,  North  Carolina 
Island  Beach,  St.  Park,  New  Jersey 
Woody  Island,  Alaska 


Locati on 

^reiburg,  Germany 

Coblenz,  Germany 

Pleiku,  '.'ietnam 

Tar.  Con  lihut,  Saigon,  Vietnam 

Ds  Nang,  Vietnam 

la'r.a,  Okinawa 

Bet  Bagan , Israel 


Data  for  Each  Location. 


1-Minute  Frecii 

si tali or  Rate 

Samples 

Dry 

Wet 

1 ^5  uO  x 

15 

20 

35 

5 

a 

13 

A 

6 

If 

5 

n 

16 

5 

7 

12 

6 

b 

10 

U -Minute 

Precipitation  Rate 

.Samples 

Dry 

Wet 

Total 

13 

10 

23 

6 

5 

11 

13 

10 

23 

5 

6 

11 

9 

d 

12 

3.3 

10 

23 

8 

3 

11 
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Table  4.  Percent  Contribution  of  Instantaneous  Precipitation  Rate  to  Clock-Hour 
Precipitation  Rates  for  Urbana,  Illinois  - Dry  Season. 

Inst  Precip  Rate:  1 Mir  r POP  Mo:  1 5.  -•  MSO  Mo:  1.  DRY  Mo:  1,2,10,11,1?. 

CT  UK-  INSTANTANEOUS  RAT l-’f  (IN/HR) 

HOUR 


RATES 
( r.:/H?.) 

0.00- 

0.03 

0 . - 

0.09 

0.10- 
0 . 24 

0.25- 

0.49 

0.50- 

0.99 

1.00- 
1 . 99 

2.0c- 

4.99 

5.00- 

3,99 

- 10.00 

wc 

CLOCK-HK 

TRACE 

96. 5f 

3.03 

0.39 

0.03 

0.01 

0.0 

0.0 

o.c 

0.0 

280 

0.01 

68. 89 

9*c4 

1>7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

60 

0.02-0.09 

57.27 

31.82 

9.92 

0.79 

0. 16 

0.03 

0.01 

0.0 

0.0 

258 

0.10-0.21 

22.01 

19.15 

43.54 

11.77 

2.72 

0.69 

0.11 

0.0 

0.0 

63 

0.25-0.49 

1-  .06 

12.27 

28.36 

28.48 

12.27 

•?  3 * 

1.21 

0.0 

0.0 

11 

C.c0-0.Qc 

15.  CO 

2.50 

8.33 

35.00 

25.00 

9.17 

5.0' 

0.0 

0.0 

2 

1.0 '-1.99 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

2. OC-2.99 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
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3.33 
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23.33 
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8.2k 

0.0 
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2.  >0-2.99 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

3.00-5.99 

O.C 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

4.0C-4.99 

0.0 

0.0 

0.0 

0.0 

c.o 

0.0 

0.0 

0.0 

0.0 

0 

> 5.00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 
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,2, 3,4,5, 

6,7,12. 

■ V -■>  - 
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(i.\7n 

R) 

. 0 2 - 

0.04- 

0.10- 

0 . 25- 

0.50- 

I.OC- 

2.00- 

5.0c- 

0.03 

0.09 

0.24 

0 . 49 

0.99 

1.99 

k . 99 

9.99 

> 10.00 

C.OCK-HL 

T.'-AC" 

91.43 
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1.60 

0.12 

0.01 

0.0 

0.0 

O.C 

0.0 

148 

- • ->  — 

83.79 

12 . 20 

3.56 

0.e2 

0.0‘ 

0.0 

0.0 

0.0 

0.0 

44 

• . - — — ' > • ^ J 

5:  . 

29.81 

13.11 

1.40 

0.29 

0 . 03 

0.0 

0.0 

0.0 
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' . 1 : - C . 24 

17.32 

20.41 

4p . 74 

14.43 

1 . 70 

0.38 

0.0-5 

0.0 

■'.0 

218 

j . ' -0 . 1+9 

rt  'v  ~ 

5.28 

2(  . 37 

42.76 

13.25 

2.22 

0.42 

0.0 

0.0 

84 

' . 50-0 . 99 

5.56 

3.15 

10.19 

27.22 

41.85 

9.63 

2.41 

0.0 

0.0 

( 4 

-.  >0-1 .99 

34.17 

4.17 

5.3s 

16.67 

7.50 

14.17 

10.00 

7.r-0 

0.0 

2 

. J-2.  v. 

0.0 

0.0 

C.O 

0.0 

0.0 

0.0 

0.0 

0.0 

. 3-3.99 

0.0 

0.0 

0.0 

3.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

. !-4.99 

0.0 

0.0 

c.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

p 

> 5.0c 

).0 

0.0 

0.0 

0.0 

c.o 

0.0 

0.0 

0.0 

c.o 

0 

- a • i i 7 • 

i'C‘  ’’c  n 

f C r:  ribu’i  >n 

of  Ins 

tarvaneouc  Pre' 

ipita' 

ion  Kate 

tu  Clock 

-Hour 

preclp 

itat ion 

Rates 

for  franklin, 

North  Ca 

r Lii  ' 

- Annua 

i . 

] r - ; 

3&t  : 

1 Min. 

••  POR  Me:  16.  7 

MSG  Mo  : 

3-  A 

NIJUA1  MODEL 

CL  0 - 

TNST 

ANTANEOUf  RAT?’: 

(IN /HR) 

x A i 

. - 

0 . 0'  • - 

0.10- 

0.25- 

0.50- 

1.0c- 

2.00- 

5.00- 

TOT  NO 

{ " • /*s  to ' 

).03 

0.09 

0 . 24 

0.4g 

O.92 

1.99 

4.99 

9-99 

> jo.  ^ 

C10CK- HR 

;;.^C 

6 . 57 

1.65 

C . 14 

0 . ' )2 

0.0 

0.0 

O.C 

c.o 

19" 

>.31 

11.  >2 

3 . ^7 

...46 

0.  . 3 

0.0 

0.0 

0.0 

0.0 

65 

0.  2-3.  Of- 

. i 

29 . 20 

i’ . 36 

1.47 

0.28 

0.03 

0.0 

0.0 

c.o 

521 

.10-  . ■ 

1 .57 

20.-  • 

42.  t c 

14.23 

0.56 

0.1 

'•.0 

28'> 

- . • • 

. 

■ . 7 

27 . • 1 

41.15 

12.61 

2.42 

0.46 

0.0 

0.0 

106- 

.50-  . ■ ■ 

# 

11.11 

2? . ->( 

. 1 ( 

11.94 

3.6)1 

0.0 

0.0 

1? 

. . -1. 99 

■ • 

2.50 

. 

: . 3 

3 .42 

18.75 

12.0.'' 

7.92 

0.0 

4 

>.  -2.99 

. 

0.0 

0.0 

0.0 

. 

0.0 

0.0 

0.0 

0.0 

0 

. 3-  . j • 

~ 

0. 

V ’ . C 

. 

9.0 

0.0 

0.0 

0.0 

. : 

. 

0.: 

' . 0 

. 

0.0 

0.0 

0.0 

0.0 

0 

> 5 .00 

0.0 

r .0 

. 

0.0 

0.0 

0.0 

0.0 

0 
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Table  lc . 

Percent 

Contribution 

0 f Ins 

tantsneouc  Fre 

cioitati 

'■n  Rate  to  Clock 

-Hour 

Precipi 

Ration 

Rates 

for  Island  Beach,  State  Parr, 

New 

Jersey  - Dry  Season 

Inst  Free I 

p Rate: 

1 Min . 

* POR  Mo:  5 

MSG  Mo: 

0.  DRY 

Mo : 

1,4,6,9,12. 

CLcCX- 

INST 

ANTANEOUS  RATI 

S (IN /HR 

) 

HCUP. 

RATES 

0.00- 

0.04- 

0.10- 

0.25- 

0.50- 

1.00- 

2.00-  5.00- 

TGI  No 

(r./KR) 

0.03 

0.09 

0.24 

0.49 

0.99 

1.99 

4.99 

9-9? 

1 10.00 

CLOCK -HR 

TRACE 

94.00 

5.27 

0.68 

0.02 

0.0 

0.0 

0.0 

O.C 

0.0 

91 

0.01 

81.03 

16.06 

1.96 

0.0 

0.0 

0.0 

0.0 

0.0 

O.C 

17 

0.02-0.09 

52.40 

34.39 

12 . 05 

0.95 

0.15 

0.04 

0.01 

0.0 

0.0 

112 

0.10-0.24 

14.97 

25.83 

48 . 50 

8.13 

2 . O'' 

0.47 

0.03 

0.0 

0.0 

50 

0.25-0.4-9 

15.50 

14.50 

21.00 

21.33 

15.83 

8.67 

0.17 

0.0 

c.o 

10 

0.53-0.99 

18.33 

10.00 

24.17 

15.00 

5 . PR 

10.83 

15.8’ 

0.0 

0.0 

2 

1.00-1.90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

2.  '0-2. 9? 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

C 

3 • °c  - 3 . 99 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

4.00-4.99 

0 . 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

c 

> 5.00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

•>.0 

c 
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te  Park, 
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Jersey  - Wet  Seas  in 

Tr.:-t  Precl 
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1 Min. 
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1 

MSG  Mo: 

0.  WET 

Mo : 

2, 3, 5, 7, 8,1 

.0,11. 

C ~»v».  Ca- 

:.C  U r. 
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f Ilt'Hr  ; 

0.0c- 

C.03 

0.04- 

0.09 

0.10- 

0.24 
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0.25- 
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ANTANEOUS  RATE 
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4.99  9.99 
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TOT  VO 

CLOCK-HR 

I RACE 

03.58 

5 . 60 
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0.08 

0.0 

0.0 

0.0 

0.0 

0.0 

106 

: .01 

So.  29 

lc . 3^ 

O T>-T 

0 . 06 

0.0 

0.0 

0.0 

0.0 

O.C 

27 

0.02-0.0° 

48.13 

40.04 

10.67 

0 . 95 

0.13 

0.04 

0.0 

0.0 

0.0 

14] 

0. If -0.24 

1/ . 71 

22 . 50 

47.62 

10.44 

2.2s 

0.44 

0.05 

0.0 

c.o 

72 

0. 25"0 . 49 

1 < .70 

7.78 

38.70 

19.63 

12.04 

5.56 
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0.0 

0.0 
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O.83 

9-17 

3.33 

9.17 

10. S3 
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2.50 

0.0 

2 
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0.0 

0.0 

0.0 

0.0 
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0.0 

0.0 
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0 
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0.0 
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0 

le  lc.  rcer.r  Contribution  of  Instantaneous  Precipitation  Rate  t-  Clock-Hour 
Precipitation  Rates  for  Island  Beach,  State  Park,  New  Jersey  - Annua] . 

Inst  Pre^ir  Rate:  i Min.  # PCR  Mo:  12.  1/  MSG  Mo:  0.  ANNUA!  MODE! 

TUCK-  INSTANTANEOUS  RATES  (TN/HR) 
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0.04- 
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0.25- 
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2.00- 
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0.24 
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01  OC'C-HR 

TRAC?. 

)3 .79 
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0.0 

0.0 

0.0 

0.0 

0.0 

197 
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30.57 

16.59 

2.  30 

0.04 

0.0 

0.0 

0.0 

0.0 

0.0 

44 

0 p - 0 
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0.95 
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16.00 

5"?  .07 
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0.49 
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0.01 
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0.0 
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...  - . 

1 / 2R 

11 ! 32 

29.39 

20.53 

14 . 04 

7.19 

1.32 

0.0 

0.0 

l‘J 

-0. 

99 

36.25 

5.-2 

16.67 

'•.17 

7.50 

10.83 

12.92 

1.25 

0.0 

• / J “•  A. 

nt 

0.0 

0.0 

0.0 

0.0 

0.  I 

0.0 

0.0 

0.0 

0.0 

O 

2.  >0-2* 

99 
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O.C 

0.0 

0.0 

0.0 

0.0 

O.C 

0.0 

0.0 

' 

3 . ' -3 » 

99 
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0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 
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QC 
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0.0 

0.0 

0.0 
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0.0 
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Table  15.  percent  Jcntribut  ion  fnstantaneous  Pr<  ilpitatian  Rate  '■ 
Precipitation  Rates  for  ' joiy  :'clan  , Alaska  - Dry  S°a  '.on. 


Cl  'Ok-:.  U'- 


Ir.it  Free  it  Rate: 


?0R 


6. 


MSG  Mo:  2.  DRY  Mo:  1,?.  ,4 


CLO  CK-  INSTANTANEOUS  RATES  ( TN/HR) 

HCL'H 


FlA  FE3 

0.00- 

0.04- 

0. 10- 

0.25- 

0.50- 

0 

0 

1 

'.  >0- 

5 . 00- 

TOT  NC 

{ Irl/HH ) 

0.03 

0.09 

0.24 

o.4g 

0 . 99 

1 ■ 99 

'•  • 09 

9.^9  ~ 

J 0 . 00  CLOCK-HR 

TRACE 

96.27 

3.33 

0 . 37 

0 . 04 

0.0 

0.0 

0.0 

0.0 

0.0  209 

0.01 

35 .76 

13.11 

1.13 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  59 

0.02-0.05 

bb!  29 

>0 . 54 

5.08 

0.0  8 

0.0 

0.0 

0.0 

0.0 

O.C  401 

0.10-0. 2b 

5.53 

28.95 

61.23 

4.30 

0.0 

0.0 

0.0 

0.0 

0.0  19 

0 . 25-0 . bo 

0.0 

0.0 

0.0 

r .0 

0.0 

0.0 

0.0 

o.c 

0.0  0 

0.50-0.99 

0.0 

0.0 

0.0 

0.0 

0.0 

D.O 

0.0 

0.0 

0.0  0 

i. 00-1.99 

o.c 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0 

2.00-2.99 

0.0 

0.0 

0.0 

0.0 

c.o 

0.0 

0.0 

0.0 

C.O  0 

3.GO-3.99 

0 . 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0 

b.00-b.99 

0.0 

o.c 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0 

> 5.00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0 
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t Centr 
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itation 
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for  Woo 

iy  Tsland,  Ala 
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1 Min. 

; POR  i 0 : b 

• MCG  Mo : 
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INSTANTANE 

DUS  RATI 

( TN/HR) 
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? A'.ZS 

0.00- 

0.0  •- 

0.10- 

0.25- 

0.50- 

1.00- 

2.00- 

5.00- 

T<  T 70 

V -*•  J 
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0.09 

0.21 

0.49 

0 . 99 

1.99 

4 . 99 

9-99  2: 

10.00  CIOCK-HR 

:race 

94.60 

4.37 

0.95 

0.06 

0.01 

0.0 

0.0 

0.0 

0.0  133 

j . 01 

36 .21 

11.06 

2.35 

O.38 

0.0 

0.0 

0.0 

0.0 

0.0  4b 

0. ''2-0.0' • 

49.19 

4b . lb 

6.49 

0.15 

0.01 

0.01 

0.0 

0.0 

0.0  229 

0.  '-0.2b 

1 . 2"< 

l . >6 

79.62 

0 rr*3 

< . 

0.0 

0.0 

0.0 

o.c 

0.0  31 

0.2>-0.  • 

0.0 

r> 

b.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0 

0 . >0-0 . 5 * 

0 . 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  C 

1.  '2-1. in 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0 

2.0C -2.99 

0.0 

o.c 

0.  . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0 

2.  0-3.99 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0 

a.  3 )-b.g: 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0 

> 5.00 

^ 0 

0.0 
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0.0 
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0.0 

0.0 

0 . 0 

. r:  : 2 1 • 

Percer 
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i nu* ion 
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an  tan 

e ou  s P r- 

■ipitc 
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r.  -z  Pr-.-cic  Rato : 1 Min.  tf  POR  Mo:  ID.  MSG  Mo:  2 . ANNUAL  MODEL 
:1.  INSTANTANEOUS  RATKS  ( IN./’iR) 


RA  * 

j . DC  - 

0.0'!- 

0.10- 

0.26- 

0.50- 

uoo- 

2.0  0- 

5.00- 

NO 

. 

-.03 

0,09 

r , 24 

0.49 

0.  ■ • 

I . QQ 

4 . • 

9.99  2 

LO.C 

CLOCK-HR 

PACT-: 

J5.f 

3.73 

0.59 

0.05 

0.0 

0.0 

0.0 

342 

0 

.01 

. 95 

’ 2 . 

1.65 

' .1' 

0.0 

0.0 

0.0 

0.0 

0.0 

10' 

0. 

- . • 

;.,s  Ay 

■ . ?1 

5J  0 

0.11 

O.oi 

0.0 

0.0 

O.C' 

0.0 
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•}  < *] 

. ' 

!1.  ’ 

'2 . ‘ 0 

0.0 

0.0 

0.  - 

0.0 

0.0 

90 

0 . . 

- J,--  j 

0.0 

0.0 

0.0 * 

■ . 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

.c 

0.  : 

0.0 

. 

■ .0 

D.O 

0.0 

o.c 

0.0 

0 

1 . 

- - 1 . :r 

/>  r 

l.  : 

0.  D 

0.0 

0. : 

0.0 

. 

0.0 

' 

2v; 

0-2.v9 

>!  0 

. 

0.0 

O.c 

. ) 

0.0 

■D.O 

0.0 

0.0 

0 

3 . 

- • . ) 

Q 5 

0.0 

. 

).( 

) 

0.0 

... 

0. 

0.0 

0.0 

.0 

0.0 

0.0 

.0 

L 

0 0 

0.  D 

0.0 

. 

0.0 

0.0 

■ .c 
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0.0 
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I’abie  22.  Percent  Contribution  o. 

Precipitation  Rates  fo; 


AWS-TK-7C  -c  o3 


instantaneous  Pr:'°ipitati  n Rate  t:  Clock -H  ur 
Preiburf;,  Germany  - Dry  Season. 


Precip  Rate:  4 Min.  !i  FOR  Mo:  13. 


CLOCK- 

HOUR 


INSTANTANEOUS 


MSG  Mo:  0.  DRY  Mo:  1,2, 3, 4,1  ),  J 1,12  . 
RATI C (.N/KE) 


RATES 
( IN/HP ) 

0.00- 

0.03 

1 

---t  0s. 

0 0 
0 0 

0.10- 

0.24 

0.25- 

0.49 

0.50- 

0.99 

1.00- 
1 . 99 

2.00- 

4.99 

9.0v'- 

9 . 94  . 

> 10.00 

TC71  ! 

CLOCK-: 

TRACE 

97.58 

2.36 

0.05 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7 3 ' 

0.01 

89.33 

9.32 

0.84 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

l^C 

0.02-0.09 

58.57 

34.33 

6.63 

0.36 

0.05 

0.0 

0.0 

0.0 

0.0 

494 

0.10-0.24 
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